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Directed t¢ Eric Lounsberry

BEQUEST #4:

Please provide all working papers relied on or used by Mr. Lounsbkerry in preparing iCC Staff
Exhibit 2.00 and all attachments there to.

Attached is a copy of Mr. Lounsberry’'s notes from the June 11, 2002 meeting at IP's
headquarters, a copy of the incident Report regarding the December 16, 2000 event at the
Hillsboro Storage field, and photocopies of the relevant pages from the publications that Mr.
Lounsberry cited in his direct testimony. The remaining workpapers are lllinois Power
Company's responses to Staff data requests in this proceeding and in Docket No. 0C-0714.

Other materials that Mr. Lounsberry has reviewed and conferences/seminars he has attended
during his employment at the Commission that have provided him with information abouf the
gas industry include the folfowing:

Periodicals

Utifity Safety
Underground Focus
Fipeline and Gas Joumnal
Gas Utility Manager

Hart Energy Market
American Gas

Public Utility Fortnightly

Other publications

insideFERC
Natural Gas Intelfigence — Weekly Gas Price index
Foster Nafural Gas Report
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Books

Gas £ngineers Handbook

AGA - Gas Engineering and Qperating Practices Series — S-1 Underground Storage

AGS - Gas Engineering and Operating Practices Series — T-1 Pipelines/Planning and
Economics

Oil and Gas Pipeline Fundamentals by John Kennedy

Natural Gas Underground Storage: Inventory and Deliverability by M. Rasin Tek
Natural Gas Purchasing Handbook by John M. Studebaker

Natural Gas in Nontechnical Language - Institute of Gas Technology by Rebecca Busby

Conferences/Seminars

NARUC Natural Gas Conference (February 1994)

American Gas Associated Operations Conference (May 2002)

Midwest Energy Association Distribution Roundtable (Aprii 2001)

Midwest Energy Assocration Measurement and Controls Roundtable (April 2001)

LDC Forum-Gas Storage Strategies & Market Center Hubs (September 1996)

Energy Seminars Inc. — Natural Gas 101 (November 1997)

Energy Seminars Inc. - Gas Cost & Storage Incentive Mechanisms for LDCs (October 1994}
American Meter Schoo! — (Spring 1998}

World Energy Forum (May 2000}

Numerous seminars sponsored by the Institute for Regulatory Policy Studies

Mr. Lounsberry has also attended numerous Commission gas policy meetings that have
discussed a variety of gas industry fopics.
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4 Chapter 1

age teservoirs directly affect verification of inventory and assur-
ance of deliverability. That is why the inventory audits represent
an indispensible component of any storage operation.

Evaluation of the performance of underground storage reservoirs
involves recognition of three basic requirements called performance
attributes.! These are:

e verification of inventory,

27¢)
“Ad_,,/r Zq.,
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b o o e assurance of deliverability,

R TS R | . . . .

e I ¥ » containment against migration.

£~ 3

"f: £ £ 3 The inventory represents the gas residing in the storage hori-
yd 5 m ~ zon. It is made up of two parts:

Q el .
A = ININE * base gas (or cushion gas)
I:': O , i) ; ji& _ * top gas (or working gas)

W k
S Y "l The base gas, part of which is physically or economically unrecov-

erable, remains in the storage horizon to provide the pressure en-
ergy necessary for withdrawal of top gas. The top gas, which is
withdrawn and sold to markets during winter is replenished
through injection every summer.

The deliverability, measured in terms of millions of standard
cubic feet per day, is a storage attribute which relates to the abil-
ity of the storage field to deliver the gas to its dedicated market. It
critically depends on the equalized pressure prevailing underground.
Since the pressure is a function of the amount of gas in the storage
container, it simply follows that deliverability is a function of in-
ventory. If the container does not hold the gas, it becomes subject
to the attrition of its inventory through the migration of gas.

Contained in the environment of the storage reservoir under
positive pressure, and, lighter than other fluids sharing the pore
space, the storage gas tends to migrate. Many factors can contribute
to movement of gas away from the storage horizon. The pressure
gradients, permeability of rock, integrity of caprock, geometry,
fractures, faults, geological features, operating conditions, and
equipment limits are among the many such factors.

For the purpose of this introduction, it should suffice to rec-

ognize and discern two kinds of storage losses:
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* maijor losses across reservoir limits, i
e minor losses sometimes called seepage losses. j
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The mmajor losses may be due to caprock failure, unstable fin-
n}ﬂg, excessive over-pressure or other factors. There are diag-
> nostic means for their detection as weil as prognostic means for
the1 remedy. The methodology used invelves reservoir engineer-
S ngi computer simulation, real-time monitoring, and periodic in-
i-J“emun'y audits.
> The minor, but usuaily continuing, losses occur due to vari-
L& causes.® Casing collar leaks, faulty mechanical joints, corrosion
~Jbiffholes, imperfect cement bonds, seepage from Chnstmas trees,
txvntmg, flaring, pwelme leaks, accidental blow-outs, unloading of
W ells, unmetered use in compressor stations are among examples
Llsufiﬂy cited. Such losses and “
wge?)\ rically called seepage have been observed and estimated to
mrappe from a fraction of a percent to one or two percent per year

~aof maximum storage capacity.
¥ B Seepage losses are sometimes too small to detect on annual or

. gas otherwise unaccounted for”

ﬁannual surveys. Their cumulative effect, however, can be ascer-
‘E tained quantitatively through periodic inventory audits.

-t
a L]

-

- The present methods for periodic inventory audits may be
listed as:

volumetric method through shut-in pressure surveys,
use of reservoir inventory-pressure data,
graphical analysis of pressure-content plots.

. The volumetric method involves integrating pressures over

gas-filled pore volumes using estimates or calculations of
expansion factors, sub-surface geometry, porosity, pressure
transient analysis, and geostatistics. They provide calcula-
tion of gas-in-place which is compared to the book inven-
tory to provide a cumulative loss or ineffective gas figure
by difference.

. The use of reservoir performance data permits calculation of

the inventory from stabilized pseudo-pressures before and
after injection/withdrawal seasons and the measured gas
guantities. The industry standards call for the use of AQ
equation and modified AQ equation developed by this au-
thor respectively for constant voiume reservoirs and those
subject to partial or full water drive conditions. Quite of-
ten, computer simulation, unsteady state or semi-steady
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& Chapter 1

state, water drive calculations become necessary for reli-

able determination of inventory.
. Graphic analysis of pressure-content data involves continual
tracking of pseudo-pressures against the content in p/z vs
I quadrant. Significance of slope and intercept of straight
lines describing constant volume reservoirs or curved lines
which exhibit the effect of water drive have been discussed
in the literature by this author. Also included are the basic
reasons for change of slope and parallel shifts.! Such graph-
ical analyses, also called “hysteresis performance”, when used
with proper data, permit useful interpretations to deter-
mine migration, seepage, and bubble growth. The use of
hysteresis plots often require stabilized pressure data or a
correlation of it in terms of observation well pressures.
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Background

The background in underground storage of natural gas in the
U.S. as of 1994 include some 3.1 trillion standard cubic feet of work-
ing gas in storage, capable of delivery on demand from practically
every region in the country. Of this total amount, 568.3 BCF has
recently been reported to reside in the Western Region” (The states
ranging from Minnesota, Colorado, and Arizona to the Pacific
Ocean). A major portion, about 1.8 TCF is located in the Eastern
Region (The states which extend from the Midwest to Atlantic
Qcean). The third and remaining working storage capacity, about
711 BCF resides in the Producing Region which includes the Gulf
and. central states of Texas, New Mexico, Cklahoma, Kansas,
Arkansas, Mississippi, Louisiana. The base or cushion gas in stor-
age which supports the 3 TCF pius nominal working inventory is
in the range of about 4 TCF.

Among the states with large storage resources, Michigan ranks
first with 359.5 BCF. California is the largest in the Western Region
with 212.3 BCE. [n the Eastern Region, Pennsylvania ranks next to
Michigan with 386.4 BCF. The Table 1-1 summarizes data on un-
derground storage capacities bv states from a recently compiled,
and published tabie by the Oil und Gus journal.

Before Order 636 producers had little, if any, incentive for un-
derground storage. Since Nov. 1 1993 when Crder 636 formailv rec-

ognized the market-based

demand imbalances led to ¢
pevts with quick response st
uye, upstream of pipelines a;

Table 1-1 Ungerg

tStandard BC

Skate Base Gas
Alabama 2.4
Arkansas 21.5
California 246.2
Colorado 46.1

illincis 584.5
indiana 112.6
lowa 204.2
Kansas 240.2
Kentucky 105.3
Louisiana 265.2
Maryland 46.6
Michigan 4115
Minnesota 4.6
Missouri 21.6
Mississippi 73.2
Meontana 147.3
Nabraska 50.0
New Mexico 3.7
New York 20.1

Chio 334.2
Oklahoma 172.9
Oregon 4.9
Pannsyivania 3551

Texas 231.6
Utah &4.1

Washington 16.8
West Virginia 294.9
Wyoming a0.7
Total .5, 42113

Source: Summarized from able

Publishingj




PART TWO

DELIVERABILITY

. “. .. Deliverability is always there until

D‘ E when you need it.”"—

O’” 3}* / Bill O'Farrel, Manager Gas Control, ret., Questar
Pipeline Co. Salt Lake City, Utah
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N =R RPN Assurance of Deliverability— Introduction
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L R SN A~
;" R T Deliverability is a measure of the rate at which the storage gas
Bt 7 i can be sent to its market. It is also the rate at which the pipeline
< YOI Q} gas can be injected into the storage field.
o é g Deliverability involves steady and unsteady-state flow into
- L,f L‘f ﬁ‘:j the wellbores, through the production strings and through the sur-
I %f O tace gathering system. While inventory is like money in the bank,
T deliverability is analogous to cash flow in deposits and withdrawals.

Deliverability is related to inventory in general and to the ex-
tent of cushion gas in particular, simply because it is a function of
Ihe pressure level in the reservoir.

In storage operations, the ability to deliver the gas to the mar-
* ket is usually far in excess of market demand during early season.
During late winter, on the other hand, inventories become depleted
and the deliverability begins to drop. This, unfortunately happens
at a time when the demand for gas increases, but there are several
strategies designed to meet these difficulties. Use of other resources
such as LNG, close spacing with areas of high well density, certain
withdrawal strategies, line packing, gas swaps and storage with-
ilrawal from salt cavities are typical alternatives.

The calculations developed for predicting the deliverability
from storage involve both flow through the drainage matrix around
fhe wellbores and flow through production strings and surface
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Location: [linois Power Company {%"ig e £ -~ DOCKET .. ¢ { v
Hillsboro Storage Field nmww:mEXIJ}rBTT ML o
Irving, llinois qimiEsas__UC WOy aS el Y
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Date of Incident: December 16, 2000 T ————

Date of Ingpection:  December 18, 19, & 20, 2000

Purpose: Incident Investigation at
Rural Route 1, Box 60
Irving, llinois 62051

Person(s) Contacted: Bob Barcum, Manager Gas Storage Operations
Don Johnson, Manager Gas Quality Program
Bill McKinney, Senior Director Gas Supply
Ken Thacker, Plant Forman
Dennis Jagodzinski, Gas Journeyman
o Dennis Spencer, Claims Representative
Kevin Reinert, Claims Representative
Russell Ogle, Vice President, Chemical Engineering (Packer Engineering)

Conducted by: Charles Gribbins, Pipeline Safety Analyst III

Statement of Activities

Synopsis

On December 16, 2000, while manually operating the dump vaive on a water separator at
the Hillsboro Storage Field Plant Facility, natural gas under 1,190 psig of pressure, entered a
50,000 gallon water storage tank with a roof, causing the base of the tank to fail and launching
the tank 275” feet. The tank landed on top of the regulator station building located inside the
~ plant, causing major damage to the station. It also caused major damage to the cable control

systems, and dehydration towers. No injuries or fatalities were reported. The incident resulted in
approximately $1,000,000 in damages.

Facilities Involved in the Incident

Separators:

As the gas leaves the plant, it flows through separators to remove moisture. The gas
passes through a series of baffles inside the separator housing, causing moisture in the gas to
drop out. The water drops coilect in the bottom of the separator. When the water reaches a set




level, a float mechanism inside the separator activates a switch, which in turn energizes the
controller for the dump valve, Gas at a pressure of 1,190 psig, forces the water out of the bottom
of the separator tank and into the water-holding tank. There are thirteen other smaller separators
that dump water from well sites into the same holding tank. The thirteen well site separators
dump at pressures of only 100# p.s.i.

Water holding tank:

The water holding tank has a 50,000gallon storage capacity. The tank has a 24” vent in
the roof with a flapper type lid, which is used for pressure relief. The holding tank also has a 6”
vent line with a screen over the outside opening, and a 3” overflow line on the side of the tank.
The holding tank was not designed as a pressure vessel and according to Packer Engineering
Studies, it was only designed to handle no more than 5 psi of pressure before failing. The tank
was also designed with a heating coil to prevent the stored water from freezing. Post accident

inspection of the heating coil found no indications that it was not functioning properly at the time
incident.

Incident

Normally the storage field & plant is not manned at night, however, due to the extreme
weather conditions on December 16, 2000, two plant personnel were working to continuously
monitor plant withdraw operations. The temperature was 4 degrees above 0, the wind was

blowing out of the northwest at about 19 miles per hour, gusting to 28 m/h, and only hours earlier
there had been a freezing rain.

At approximately 9:00 p.m., one of the employees left and went home, leaving the plant
foreman at the plant alone. Around 11 p.m., while conducting a routine inspection, the foreman
observed that the re-boiler was out. He re-lit the re-boiler and then observed a high water level in
the site-glass on one of the two water separators. He tumed up the sensing control switch on the
automatic controller to energize the water dump valve. The dumping process uses natural gas
under a pressure of 1190 psig to force water from the bottom of the separator to a holding tank
located outside the fenced in area of the plant. The foreman stated that approximately 10 seconds
after turning up the sensor control switch he heard an explosion noise over near the regulator
station building. He immediately activated the plant’s Emergency Shut Down System (ESD),
which shut down the plant. He then ran to the maintenance office building, called the Decatur
based Gas Pressure Control to inform them of the problem. He requested they contact the
Manager of Storage Field Operations and to send help. According to Illincis Power’s

computerized storage field monitoring system, the ESD System was energized at approximately
11:50pm.

It was later learned that the 50,000 gallon water holding tank had launched from its
location outside the plant fencing, traveled some 275 feet, and landed on the regulator station
building destroying the structure. While the tank was in flight, it also took out the above ground
cable run used for monitoring and controlling plant operations. . o
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the relief capacity needed, and the 3” vent line had a little more than half the relief capacity
needed to maintain tank integrity.

Conclusions

Although it would be highly unusual, one scenario is that the freezing rain condition,
strong winds and cold temperatures mentioned earlier, may have caused ice to form on the
outside of the tank, preventing the flapper on the man way from functioning properly. In order to
overpressure the tank, ice would also need to seal off most of the 6” vent line. The freezing rain
that occurred the night of the incident was not considered significant. There were no downed
power lines or power outages resulting from the freezing rain.

The other scenario is that high-pressure gas had been bubbling up through the water in
the tank for some time, a lot longer than the 10 seconds described by the foremen. The splashing
water and foaming conditions may have caused ice to form on the cold metal walls of the inside
of the tank blocking off the 6” vent line and sealing the flapper closed.

In either scenario, high-pressure gas entering the tank, and the most likely source of that
gas is from the separator, when the foreman manually operated the dump valve.

" The Packer Engineering Report concluded that: The cold weather, accumulation of ice
and high winds contributed to this event. The cold weather could cause the materials within the
dump valve to resist movement. Therefore, the valve might not perform as quickly as designed
during extreme conditions. The accumulation of ice and /or high wind likely restricted the
opening of the man way vent, thereby depriving the tank of its designed pressure relief.

Testing conducted on the dump valve several days after the incident found no problems
with the response of the valve.

The Packer Report went on to say that, their preliminary conclusion was that the 50,000
gallon water tank failed because of the rapid build-up of high-pressure gas within the tank, and

the probable cause of the failure was the manual operation of the separator dump valve by the
plant Foreman during the extreme cold weather.

Recommendations

Packer Engineering recommends that Illinois Power Company carefully examine the

procedure for manuaily dumping the water-gas separator and consider modifying this procedure
to prevent a recurrence of this incident.

Packer Engineering offered the following recommendations to prevent a reoccurrence of
this incident.

¢ Visually inspect the tank to insure venting is not obstructed pnocr to manually dumpmg
separator. Y LCIEL #ILR
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e Don't initiate manual dumping of separator during extreme weather conditions.

e Rapidly cycle manual dump valve open and closed during dumping of separators to
minimize volume of gas that can enter tank.

Staff Recommendations

The probable cause of this incident was the manual operations of the dump valve
controls. The sensing controls should be set at the proper water level depths and should not be
tampered with. Ifit is clear that it has malfunctioned by the excessive water build-up in the
bottom of the separator, the separator unit should be shut down and examined to determine the
cause of the malfunction. Manual dumping should be limited to only extreme cases of controller
failure, and should be rapidly cycled under close observation as recommended by Packer.
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